As part of the NEURONORMA project, we provide age-and education-adjusted norms for the Stroop color-word interference test (SCWT)-Golden version and the Tower of London-Drexel University version (TOL DX ). The sample consists of 344 and 347 participants, respectively, who are cognitively normal, community dwelling, and ranging in age from 50 to 90 years. Tables are provided to convert raw scores to age-adjusted scaled scores. These were further converted into education-adjusted scaled scores by applying regressionbased adjustments. Demographic variables, age, and education significantly affect scores of the SWCT and TOL DX , sex, however, was found to be unrelated to performance in this sample. The normative data presented here were obtained from the same study sample as all the other NEURONORMA tests. In addition, the same statistical procedures for data analyses were applied. These co-normed data allow clinicians to compare scores from one test with all tests.
Introduction
The Spanish multicenter normative studies (NEURONORMA) project (Peña-Casanova et al., 2009) attempts to provide useful norms for people aged over 49 years for commonly used neuropsychological tests. In this paper, we provide normative (green, red, and blue). The subject must look ahead to determine the order and the number of moves necessary to rearrange the beads from their initial position to a new set of predetermined positions on one or more of the pegs. The constraints are: (a) only one bead may me moved at a time; (b) each bead may be moved only from peg to peg; and (c) only a specified number of beads may be left on each peg at a time (Lezak et al., 2004; Shallice, 1982) . Levels of difficulty of the TOL items depend on the complexity of subgoals required to achieve the predetermined position. There are several variants of the test (for a review see Lezak et al., 2004) , including a version published by the Drexel University (TOL DX ) (Culbertson & Zillmer, 1998a , 1998b ).
This test is somewhat controversial because, although is used to measure executive planning abilities (Sullivan et al., 2009 ), other factors are also important for successful performance, such as response inhibition, visuospatial memory, and working memory (Carlin et al., 2000; Phillips, Wynn, Gilhoody, Della Sala, & Logie, 1999; Zook, Davalos, DeLosh, & Davis, 2004) . Moreover, a number of issues remain unaddressed in the literature, such as the problem structure, or problem space of the task, the impact of the modifications of the original, the variety of performance measures that can be derived (Berg & Byrd, 2002) , and the impact of instructions, cuing, and learning processes as determinants of TOL performance (Unterrainer, Rahm, Leonhart, Ruff, & Halsband, 2003) . In fact, neuroimaging studies show that using the TOL during planning activities a wide series of brain structures are activated, and in a similar manner to the SCWT, the TOL task is consistent with a network of areas which are not "simply" related to the prefrontal cortex. These include the dorsolateral prefrontal cortex, the anterior part of the cingulate cortex, the cuneus, the precuneus, and the supramarginal and angular gyri in the parietal lobe (Boghi et al., 2006; Lazeron et al., 2000; Newman, Carpenter, Varna, & Just, 2003) .
Few studies have reported normative data and the demographic factors influence on the performance of the TOL test. Concerning age, the original normative sample of the TOL DX recruited in three sites in the USA and four in Canada presented only age differences for the oldest group (þ60 years), which were specifically related to the number of errors, number of total movements, and number of total time violation (Culbertson & Zillmer, 2001) . However, age effect in TOL performance has not been clearly supported by other investigations. In fact, Bryan and Luszcz (2000) only found a small but significant negative correlation between age and performance on the TOL test, and Zook, Welsh, and Ewing (2006) concluded that the age differences in TOL-R (TOL-revised, Schnirman, Welsh, & Retzlaff, 1998) were eliminated after adjusting for individual differences in reasoning performance.
Few data on the influence of education or sex on the TOL performance have been provided. Some authors conclude that this task is not significantly influenced either by education (Zook et al., 2006) or gender (Culbertson & Zillmer, 2001 ).
At present, no normative data in the Spanish population for any version of TOL tasks have been published. Our study is the first attempt to provide standards for the performance on the Drexel University version of TOL in a Spanish sample.
The normative data of SCWT and TOL DX presented in this paper are a part of a co-norming project that includes a wide range of neuropsychological tests. Co-norming clearly facilitates accuracy in cognitive pattern analysis in clinical settings.
Materials and Methods

Research Participants
We offer here a summary of the socio-demographic and participant characteristics of the entire NEURONORMA sample which have been reported in detail in a previous paper (Peña-Casanova et al., 2009) . This is an observational cross-sectional study performed in nine services of neurology in Spain. Ethical approval for the study was granted by the Research Ethics Committee of the Municipal Institute of Medical Care of Barcelona. The ethnic background of all participants was Caucasian, and all were Spanish speakers.
Entry criteria included cognitively normal, consecutive individuals according to a series of inclusion and exclusion criteria. Cognitive normalcy was validated via informants, an ADL scale (the Interview for Deterioration of Daily living in Dementia; Böhm et al., 1998 [Spanish validated version] ; Teunisse, Derix, & Crever, 1991) , and a cognitive screening test, the minimental state examination (Blesa et al., 2001 [Spanish validated version] ; Folstein, Folstein, & McHugh, 1975) . As in the MOANS projects, volunteers did not need to be completely medically healthy to participate (Pedraza et al., 2005) . Subjects with active, chronic medical, psychiatric, or neurological conditions or with physical disabilities were included if the researcher judged that the condition was correctly controlled or resolved and did not cause cognitive impairment. The same criterion was applied in the case of use of psychoactive medications. A total of 344 subjects were studied for the SCWT and 347 for the TOL DX . Basic demographic information concerning both tests is presented in Table 1 .
Neuropsychological Measures
The neuropsychological measures were administered as part of a larger test battery, the NEURONORMA battery (Peña-Casanova et al., 2009 ). Tests were administered and scored by neuropsychologists specifically trained for this project.
Stroop Color-Word Interference Test
Golden's version of the SCWT (Golden, 1975) was used in this project. This version consists of a word page (p. 1) with 100 color words printed in black ink, a color page (p. 2) with 100 "Xs" printed in color (red, green, and blue), and a color-word page (p. 3) with 100 words from the first page printed in colors from the second page (the color and the word do not match). Subjects are asked to read down the columns starting with the top word in the leftmost column. After 45 s, the item last named on each stimulus card is noted. The test produces three scores: The word reading (W) score consists of the number of items completed on p. 1; the color-naming (C) score is made up of the number of items completed on p. 2; and the color-word (CW) score is made up of the number or items completed on p. 3. Standard administration procedures were followed as indicated in the test manual (Golden, 1978) .
Tower of London-Drexel University Version
Although similar to the Tower of London originally developed by Shallice (1982) , the Drexel University version (Culbertson & Zillmer, 2000) presents a number of modifications in administration and test scoring. This test uses two boards with three pegs ("tower boards"): On one the examiner places three colored wooden balls (blue, green, and red) in a goal position, and on the other there are three colored wooden balls that the subject must rearrange from a standard start position to the examiner's model. Ten problems are given in the order of increasing difficulty. Two minutes are allowed for each trial.
The original boards were substituted by larger ones previously developed in the context of this project. The test was administered and scored following the manual.
In this project, five different scores were obtained from both number or moves, and also successful completion and timing aspects. Here follows a brief extract of the scoring method from the test manual (for details see Culbertson & Zillmer, 2001 ). (a) Total correct score: The correct score is equal to the number of test problems solved with the minimum number of moves (in fact without extra moves). A total correct score of 10 is the upper limit. (b) Total moves score: The total moves score constitutes the primary score and is based on the number of moves the examinee executes in solving a test problem. A move has occurred when a ball is completely removed from a peg and then is either placed on another peg or replaced on the same peg. The minimum number of solution moves for each task problem is subtracted from the examinee's actual move count to determine the move score. The total moves score is the sum of the move scores for each of the individual test problems. The total moves score can range from 0 to 145. Three time scores are calculated for each configuration: First, the initiation time score, defined as the time from the presentation of a test problem by the examiner to the initiation of the first problem-solving move (time limit cannot exceed 120 s for each configuration). Second, the execution time score, representing the time from the initiation of the first move to the completion or discontinuation of problem solving (maximum time allowed for each configuration is 120 s). Third, the problem-solving time score, defined as the interval from the presentation of a test problem to its completion or discontinuation by the participant (i.e., problem-solving time ¼ initiation time þ execution time). Considering that the time limit for each configuration is 2 min, the maximum time entry for any problem is 120 s. From the time scores of each problem, three total derived variables are obtained. 
Statistical Analysis
Considering that the ability to compare all co-normed test scores directly with each other facilitates clinical interpretation of neuropsychological test profiles, a uniform normative procedure was applied to all measures as in the MOANS studies (Ivnik et al., 1992 (Ivnik et al., , 1996 Lucas et al., 2005) .
The overlapping interval strategy (Pauker, 1988 ) was adopted to maximize the number of subjects contributing to the normative distribution at each mid-point age interval. Effects of age, sex, and education on raw subtest scores were studied using coefficients of correlation (r) and determination (r 2 ; Lucas et al., 2005) . The frequency distribution of the raw scores (RS) was converted into age-adjusted scaled scores, NSS A (NEURONORMA scaled score-age adjusted), following the methodology described by Ivnik and coleagues (1992) . For each age range, a cumulative frequency distribution of the RS was generated. Raw scores were assigned percentile ranks in function of their place within a distribution. Subsequently, percentile ranks were converted to scaled scores (from 2 to 18) based on percentile ranges. This transformation of RS to NSS A produced a normalized distribution (mean ¼ 10; SD ¼ 3) on which linear regressions could be applied. Years of education were modeled using the following equation:
. The resulting equations were used to calculate ageand education-adjusted NEURONORMA scaled scores (NSS A&E ) for each variable. The regression coefficient (b) from this analysis was used as the basis for education adjustments. A linear regression was employed to derive age-and education-adjusted scaled scores. The following formula outlined by Mungas, Marshall, Weldon, Haan, and Reed (1996) was employed: -12] ). Following the method described by Mungas and colleagues (1996), the obtained NSS A score was adjusted by the difference between the predicted scores based on the subject's actual education and the predicted score given 12 years of education. The obtained value was truncated to the next lower integer (e.g., 10.75 would be truncated to 10).
Results
Age distribution of the sample made it possible to calculate norms for 10 mid-point age groups. Sample sizes resulting from mid-point age intervals are presented in normative tables. Correlations (Pearson's, r) and shared variance (determination coefficient, r 2 ) of SCWT and TOL DX scores with age (years), education (years), and sex are presented in Table 2 .
Age and education accounted significantly for the RS variance of the SWCT (age: 10% -22%; education: 17% -27%). Education effect is specifically reflected in the reading part of the test (27% of the shared variance). Sex differences were not observed, indicating no need to control this demographic variable.
Education accounted significantly for the RS variance of TOL DX variables except for the total initiation time score. Conversely, age showed a minor effect on these variables ( 2%). Sex also showed a minimal effect (2%). Concerning time scores, initiation time is independent of age, education, and sex. Total execution time score and total problem-solving time score showed a similar discrete effect (up to 11%) for both age and education. Age-adjusted NEURONORMA scaled scores (NSS A ) for the TOL DX and SCWT are presented in Tables 3 -12 . These tables include percentile ranks, ranges of ages contributing to each normative subsample, and the number of participants contributing to each test's normative estimates. To use the table, select the appropriate column corresponding to the patient's age, find the patient's RS, and subsequently refer to the corresponding NSS A and percentile rank (left part of the table). As expected, the normative adjustments (NSS A ) eliminated the shared variance of age (Table 13) . Education, however, continued to account for up to 11% -23% of shared variance with age-adjusted test scores for the SCWT, and up to 10% for the TOL DX . To maintain the same analysis, education adjustments were applied to all variables, although the effect was minor in total initiation time and total problem-solving time scores.
The transformation of RS to NSS A produced a normalized distribution on which linear regressions could be applied. Regression coefficients from this analysis were used as the basis for education (years) adjustments. From these data, we have constructed adjustment tables to help the clinician make the necessary adjustment (Tables 14-16 for the SCWT, and  Tables 17 -21 for the TOL  DX ) . These tables include the respective values of b for every variable. To use the tables, select the appropriate column corresponding to the patient's years of education, find the patient's NSS A , and subsequently refer to the corresponding NSS A&E . When these formulas were applied to the NEURONORMA sample, the shared variances between demographically adjusted NEURONORMA scaled scores and years of education fell to ,1%.
Discussion
The objective of this paper was to provide normative data for older Spaniards on the SWCT and the TOL DX . The normative data presented here were obtained from the same study samples as all the other NEURONORMA tests. This is a co-norming study that follows the basic model of the MOANS project. The pattern of the socio-demographic effects obtained in our study is similar in part to the most normative data published by others. That is to say, the impact of age and education has been clearly found in the three conditions of the test, producing a slowing in color naming and a clear increase in the interference task (e.g., Anstey et al., 2000; Cohn et al., 1984; Graf et al., 1995; Ivnik et al., 1996; Lucas et al., 2005; Moering et al., 2004; Troyer et al., 2006; Van der Elst et al., 2006) . Moreover, as other investigations reported earlier (Anstey et al., 2000; Ivnik et al., 1996) , we have not found a significant influence of sex on the performance in all the conditions of SCWT. Our results are very similar to that obtained by Ivnik and colleagues (1996) and Lucas and colleagues (2005) in MOANS and MOAANS projects. Owing to sample characteristics, methodological, and statistical differences it is difficult to compare present data with previous studies on Spanish speaking subjects cited in the introduction section.
Tower of London-Drexel University version
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General Discussion
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